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(57) ABSTRACT

Device for cool drying gas includes a heat exchanger whose
primary part is the evaporator of a cooling circuit. The gas to
be dried is guided through the secondary part of the heat
exchanger to cool the gas and to condense water vapor out of
the gas. At least one bypass pipe is provided with a control
valve which is controlled by a control unit as a function of
signals received from a measuring element for measuring the
lowest gas temperature (LAT) or the dew point of the gas in
the secondary part of the heat exchanger. The measuring
element is positioned directly inside the secondary part of the
heat exchanger. Also provided is a measuring element for
measuring the temperature of the coolant in the evaporator.

18 Claims, 2 Drawing Sheets
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1
DEVICE AND METHOD FOR COOL DRYING

BACKGROUND OF THE INVENTION

A. Field of the Invention

The present invention relates to a device for cool drying
gas.

B. Related Art

More specifically, the invention relates to a device that
consists of a heat exchanger whose primary part is the evapo-
rator of a cooling circuit and a gas to be dried flows through
the secondary part thereof, which cooling circuit is filled with
a coolant and further contains a compressor and a condenser
and first expansion means between the condenser outlet and
the inlet to the above-mentioned evaporator, whereby there is
atleast one bypass pipe that connects the discharge side of the
compressor to the intake side of the compressor, whereby
second expansion means are provided in this bypass pipe and
a control valve which is controlled by a control unit as a
function of signals received from one or more measuring
elements.

As is known, cool drying is based on the principle that by
reducing the gas temperature, the moisture in the gas con-
denses, after which the condensed water is separated in a
liquid separator and after which the gas is again heated such
that it is no longer saturated.

Compressed air which is for example delivered by a com-
pressor is generally saturated with water vapour, or in other
words has a relative humidity of 100%. This means that
condensation occurs in the event of a temperature drop to
below the so-called dew point. As a result of the condensed
water, corrosion will occur in the piping and tools and the
equipment can exhibit premature wear.

Hence compressed air is dried, which can be done in the
above-mentioned way by cool drying. Air other than com-
pressed air or other gases can also be dried in this way.

When drying compressed air, the air in the heat exchanger
must not be cooled down too much as the condensate would
then freeze. Typically the dried compressed air has a tempera-
ture of two to three degrees above zero or 20 degrees Celsius
below ambient temperature. The temperature of the coolant in
the evaporator is kept between 15° C. and -5° C. for this
purpose.

Traditionally the temperature of the coolant is kept under
control by equipping the device with at least one bypass pipe
over the compressor. A control valve in an above-mentioned
bypass pipe enables a certain (extra) quantity of coolant to be
branched off from the cooling circuit to then be led through
the above-mentioned bypass pipe over the compressor.

The control valve is hereby controlled by a control unit,
also called a controller, which is connected in a known way to
one or more measuring elements.

A device is already known in which one or more measuring
elements are provided on the outside of the heat exchanger to
measure the lowest gas temperature, also called the LAT. The
LAT is the lowest occurring temperature of the gas to be dried
that it is guided through the secondary part of the above-
mentioned heat exchanger. Consequently, the LAT has to be
measured by measuring elements which are placed where the
temperature is expected to be equal to that of the gas when the
cool drying device is in operation.

When the above-mentioned measuring elements register a
lowest gas temperature (LAT) whereby freezing of the con-
densate can occur, the control unit sends a signal to the control
valve to open it. In this way a certain quantity of coolant or an
extra quantity of coolant is led over the compressor via an
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2

above-mentioned bypass pipe such that the cooling capacity
of'the cooling circuit decreases.

If the lowest gas temperature (LAT) is more than two to
three degrees above zero, the control valve is closed such that
the entire capacity of the cooling circuit is used to sufficiently
cool the gas to be dried.

Tests have shown that it is not easy to position the measur-
ing elements on the heat exchanger to measure the lowest gas
temperature (LAT). Moreover, with some heat exchangers it
has turned out to be impossible to measure the lowest gas
temperature (LAT) in the above-mentioned way. It is clear
that in such cases the control valve cannot be controlled on the
basis of a temperature that corresponds to the lowest gas
temperature (LAT).

Another disadvantage is that there is a certain time delay
between the measured temperature and the actual presence of
the lowest gas temperature (LAT) in the secondary part of
heat exchanger at a certain point in time. This implies that the
control is also executed with a certain time delay.

A further disadvantage is that, at both a high and low load
of the device, the measured lowest gas temperature (LAT)
deviates from the dew point of the gas, such that freezing of
the condensate can nevertheless occur.

WO 2007/022604 describes a device that is equipped with
a control unit to which a first measuring element is connected
to measure the coolant temperature and a second measuring
element to measure the lowest gas temperature (LAT) or dew
point.

In one operating mode of this device, the cooling circuit is
switched on and off on the basis of the measurement of the
lowest gas temperature. In the event of zero load or of a small
partial load, the cooling circuit is switched off by means of a
third measuring element in the form of a flow sensor.

The measured value of the coolant temperature is used to
control the control valve in the bypass pipe of the cooling
circuit.

A disadvantage of such a device according to WO 2007/
022604 consists of the use of a flow sensor such that the cost
increases and the device is rather more prone to failure, and in
particular depends on the good operation of the above-men-
tioned flow sensor to be able to adapt itself to full load or zero
load conditions.

A further disadvantage of such a device consists in that the
measuring element to measure the lowest gas temperature
(LAT)is also in this case placed outside of the heat exchanger.

EP 1.103.296 describes a device that is equipped with two
measuring elements to measure the evaporator temperature
and evaporator pressure, which measuring elements are con-
nected to a control unit to control the rotational speed of the
compressor in the cooling circuit and to control the control
valve in the bypass pipe. No account is taken of the lowest gas
temperature (LAT).

According to another embodiment of the device according
to EP 1.103.296 the above-mentioned measuring elements to
measure the evaporator temperature and the evaporator pres-
sure can be replaced by a measuring element for determining
the lowest gas temperature (LAT), but in such a case no
account is taken of the temperature of the coolant in the
cooling circuit.

The disadvantages of such embodiments that only control
the control valve on the basis of a signal from a measuring
element that measures the lowest gas temperature (LAT) have
already been discussed above. If the control is only based on
the measured temperature of the coolant, the control will not
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be optimal, as the measured temperature value does then not
correspond with the dew point.

SUMMARY OF THE DISCLOSURE

The purpose of the present invention is to provide a solu-
tion to one or more of the above-mentioned and/or other
disadvantages, by providing a device for cool drying gas,
which device comprises a heat exchanger of which the pri-
mary part is the evaporator of a cooling circuit and the gas to
be dried is guided through the secondary part of the heat
exchanger to cool the gas and to condense water vapour out of
the gas, which cooling circuit is filled with a coolant and
further comprises a compressor and a condenser and first
expansion means between the outlet of the condenser and the
inlet of the above-mentioned evaporator, whereby at least one
bypass pipe is provided connecting the discharge side of the
compressor to the intake side of the compressor, and whereby
second expansion means are provided in this bypass pipe, as
well as a control valve which is controlled by a control unit as
a function of signals received from one or more measuring
elements, whereby, according to the specific characteristic of
the invention at least one measuring element is a measuring
element for measuring the lowest gas temperature (LAT) or
the dew point of the gas in the secondary part of the heat
exchanger, whereby this measuring element is positioned
directly inside the secondary part of the heat exchanger,
whereby at least one additional measuring element is a mea-
suring element for measuring the temperature of the coolant
in the evaporator, whereby the above-mentioned control unit
is provided with an algorithm that determines whether the
device is operating at zero load or full load based on the signal
from the measuring element for measuring the coolant tem-
perature, and in the event of zero load, controls the control
valve only on the basis of the signal from the measuring
element for measuring the coolant temperature, and in the
event of full load only controls the control valve on the basis
of'the signal from the measuring element measuring the low-
est gas temperature (LAT) or the dew point of the gas in the
secondary part of the heat exchanger.

An advantage of a device according to the invention is that
the lowest gas temperature (LAT) or the dew point of the gas
can be measured accurately.

Indeed, the above-mentioned measuring element for mea-
suring the lowest gas temperature or the dew point is placed
entirely or partially in the gas flow through the secondary part
of' the heat exchanger, such that the temperature or dew point
of this gas is measured directly.

Another advantage is that the lowest gas temperature
(LAT) or the dew point in the heat exchanger can be registered
without a time delay such that the control valve can be con-
trolled without a time delay.

The device is minimally loaded or unloaded when the flow
of the gas to be dried through the secondary part of the heat
exchanger is minimal or goes entirely to zero.

By measuring the coolant temperature it can be determined
whether there is a zero load condition. Indeed, in the event of
zero load the temperature of the coolant decreases.

If for example the coolant temperature is less than a certain
characteristic value, typically equal to -5° C., the control
valve is controlled appropriately and placed in the open con-
dition such that the capacity of the cooling circuit decreases.

An advantage hereby is that the device is protected against
freezing.

Preferably the above-mentioned control unit is provided
with an algorithm for determining a partial load condition of
the device, based on the measured signal from the measuring
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element for measuring the coolant temperature, and for con-
trolling the control valve, either according to a first subalgo-
rithm which is a function of the signal from the measuring
element for measuring the lowest gas temperature (LAT) or
the dew point of the gas in the secondary part of the heat
exchanger, or according to a second subalgorithm which is a
function of the signal from the measuring element for mea-
suring the coolant temperature, whereby the choice between
the first and the second subalgorithm is made on the basis of
the measured coolant temperature.

An advantage of this is that the device automatically
adjusts itself to a varying load.

The invention also relates to a method for cool drying gas,
whereby this gas is cooled by guiding it through the second-
ary part of a heat exchanger to condense water vapour out of
the gas, whereby the primary part of the heat exchanger is the
evaporator of a cooling circuit, which cooling circuit com-
prises a coolant, and whereby this cooling circuit is further
equipped with a compressor, a condenser and first expansion
means between the outlet of the condenser and the inlet of the
evaporator, and whereby at least one bypass pipe is provided
which connects the discharge side of the compressor to the
intake side of the compressor, whereby second expansion
means are provided in this bypass pipe as well as a control
valve that is controlled by a control unit as a function of
signals received from one or more measuring clements,
whereby, according to the invention, the control unit deter-
mines whether the device is operating at zero load or full load
on the basis of the coolant temperature, and at full load
controls the control valve on the basis of the lowest gas
temperature (LAT) or the dew point measured by at least one
measuring element inside the secondary part of the heat
exchanger, and at zero load controls the control valve on the
basis of the coolant temperature measured by at least one
additional measuring element located in the evaporator.

The advantages of the above-mentioned method are similar
to the advantages linked to a device according to the inven-
tion.

Preferably the method according to the invention com-
prises the steps of comparing the measured coolant tempera-
ture to a maximum threshold value, and when the measured
coolant temperature is situated above this maximum thresh-
old value, the device is considered as being at full load. The
above-mentioned maximum threshold value is, according to a
preferable characteristic of the invention, a constant value, for
example equal to or almost equal to 2° C.

An advantage of applying such an algorithm to determine
the load condition is that it is very simple and that it does not
require the presence of a flow sensor to prevent freezing, such
that costs can be saved and the device is less prone to defects.

These advantages can be obtained all the better when the
method according to the invention comprises the steps of
comparing the measured coolant temperature to a minimum
threshold value, and when the measured coolant temperature
is situated below this minimum threshold value, the device is
considered as being at zero load. The above-mentioned mini-
mum threshold value is, according to a preferable character-
istic of the invention, a constant value, for example equal to or
almost equal to -5° C.

DESCRIPTION OF THE DRAWINGS

With the intention of better showing the characteristics of
the invention, a preferred embodiment is described hereafter
by way of example, without any limiting nature, of a device
according to the invention, with reference to the accompany-
ing drawings, wherein:
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FIG. 1 shows a block diagram of a device according to the
invention for cool drying gas.
FIG. 2 shows a variant according to FIG. 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

The device 1 for cool drying, that is schematically shown in
FIG. 1, contains a heat exchanger 2 whose primary part forms
the evaporator 3 of a cooling circuit 4 in which there are
successively a compressor 5, a condenser 6, and first expan-
sion means 7, in this case in the form of an expansion valve.

The cooling circuit 4 is filled with a coolant, for example
R404a, whereof'the direction of flow is indicated by arrow A.

After the heat exchanger 2 there is a liquid separator 9
provided in the pipe 8.

A part of this pipe 8 may, before it reaches the heat
exchanger 2, extend through a pre-cooler or recuperation heat
exchanger 10 and then, after the liquid separator 9, again
extend through the recuperation heat exchanger 10, in counter
flow with respect to the above-mentioned part.

In this case the compressor 5 is bypassed by one bypass
pipe 11 or bypass that connects the discharge side of the
compressor 5 to the intake side of the compressor 5, whereby
this intake side is located in the cooling circuit 4 between the
outlet of the evaporator 3 and the inlet of the compressor 5.

The bypass pipe 11 is equipped with a control valve 12 for
branching off coolant from the cooling circuit 4. Downstream
from the above-mentioned control valve 12 are provided sec-
ond expansion means 13, which in this example are con-
structed in the form of a hot gas bypass.

The control valve 12 is connected to a control unit 14 to
which measuring elements 15-16 are also connected. In this
case the measuring elements take on the form of temperature
Sensors.

A first measuring element 15 is hereby positioned directly
inside the secondary part of the heat exchanger 2 to measure
the lowest gas temperature (LAT). A second measuring ele-
ment 16 is placed in the evaporator 3 to measure the coolant
temperature.

The operation of the device 1 is very simple and as follows.

The gas or mixture of gases to be dried, in this case com-
pressed air, is taken through the pipe 8 and thus through the
heat exchanger 2 in the opposite direction of flow to the
cooling fluid in the evaporator 3 of the cooling circuit 4.

In this heat exchanger 2, the moist air is cooled such that
condensate is formed that is separated out in the liquid sepa-
rator 9.

The cold air, which contains less moisture after this liquid
separator 9 but still has a relative humidity of 100%, is heated
in the recuperation heat exchanger 10 such that the relative
humidity falls to a maximum of 50%, while the supplied air to
be dried in this heat exchanger 10 is partly cooled before
being added to the heat exchanger 2.

The air at the outlet of the heat exchanger 10 is thus drier
than at the inlet of the heat exchanger 10.

In order to prevent the evaporator 3 from freezing, the airin
the heat exchanger 2 is not cooled to below the LAT, which
LAT is typically 2 to 3° C. or 20° C. below ambient tempera-
ture.

If'the LAT is too high, the air is not sufficiently cooled and
thus not enough moisture is condensed to dry the air suffi-
ciently.

The above-mentioned LAT conditions are satisfied by the
control unit 14 controlling the control valve 12 appropriately,
such that a certain quantity of coolant is led through the
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bypass pipe 11 over the compressor 5. In this way the cooling
capacity of the cooling circuit 4 can be varied and adjusted.

The control unit 14 controls the control valve 12 on the
basis of the measured lowest gas temperature LAT and, pref-
erably as shown in the drawing, also on the basis of the
coolant temperature.

Thus the lowest gas temperature LLAT is used to control the
control valve 12 when the flow of the supplied air to be dried
is maximum, in other words at full load of the device. At
partial load the control valve 12 is controlled on the basis of
the lowest gas temperature (LAT) and the coolant tempera-
ture. In order to prevent the evaporator 3 from freezing at zero
load, the temperature of the coolant is used to control the
control valve 12. Indeed, at zero load the coolant temperature
gets too low, typically less than —5° C., after which the control
valve 12 is put in an open state.

The foregoing makes it clear that the coolant temperature is
used to determine when the device 1 is unloaded or at mini-
mum load and that, in the event of zero load, the control valve
12 is controlled on the basis of the coolant temperature.

Characteristic for the invention is that the temperature sen-
sor 15 is located inside the secondary part of the heat
exchanger 2, such that, on the one hand, the lowest gas tem-
perature (LAT) can be measured accurately and, on the other
hand, the control valve, and thus the lowest gas temperature
(LAT) of the air to be dried can be controlled accurately,
effectively and without time delay.

To measure the lowest gas temperature (LLAT) the tempera-
ture sensor 15 is preferably placed immediately after the heat
exchanger with the coolant of the heat exchanger 2.

The coolant temperature is preferably measured at the inlet
of the evaporator 3, as the coolant, when it enters the evapo-
rator 3, reaches its lowest possible temperature in the cycle.

In this case the compressor 5 is a frequency controlled
machine as a result of which the compressor speed is adjust-
able, but the embodiment as shown in FIG. 1 can also be
constructed with a compressor that operates at a constant or
essentially constant rotational speed.

FIG. 2 shows a variant embodiment of a device according
to the invention whereby the only difference with the device
1, as shown in FIG. 1, consists of there being provided a
second bypass pipe 17 in which third expansion means 18 are
provided.

The second bypass pipe 17 ensures that the pressure at the
exit of the evaporator 3 does not fall below a certain minimum
value so that freezing is prevented.

Inthis case the above-mentioned third expansion means 18
take on the form of a hot gas bypass.

The embodiment, as shown in FIG. 2, makes use of a
compressor 5 that operates at a constant or mainly constant
speed. This makes a complex control of the compressor 5
superfluous.

Although in the drawings, the heat exchangers 2 and 10, the
pipe 8 and the liquid separator 9 are shown as separate com-
ponents, they can also be incorporated into one single com-
ponent 19 that is shown in the drawings as a dotted line, and
in which the measuring elements 15 and 16 are placed. The
pipe part 8 between the heat exchanger 2 and the liquid
separator 9 is in fact not necessary in such a case, as the liquid
separator 9 can be integrated into the heat exchanger 2.

The present invention is by no means limited to the
embodiments described as an example and shown in the
drawings, but a device and method according to the invention
for cool drying can be realised in all kinds of variants, without
departing from the scope of the invention.
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The invention claimed is:

1. A device for cool drying gas, comprising:

a cooling circuit and a cool gas drying circuit;

a heat exchanger comprising an evaporator that is part of
the cooling circuit, wherein a secondary part of the heat
exchanger that is part of the cool gas drying circuit is
configured to guide gas to be dried through the heat
exchanger to cool the gas by the cooling circuit and to
condense water vapour out of the gas;

said cooling circuit being filled with a coolant and further
comprising a compressor, a condenser and a first expan-
sion device between an outlet of the condenser and an
inlet of the evaporator;

at least one bypass pipe connecting a discharge side of the
compressor to an intake side of the compressor;

a second expansion device is provided in the bypass pipe;

a control valve in the bypass pipe which is controlled by a
controlunit as a function of signals received from at least
one of at least a first measuring element and a second
measuring element;

said first measuring element being arranged to measure the
lowest gas temperature (LLAT) or the dew point of the gas
in the cool gas drying circuit;

said first measuring element being positioned to directly
measure the LAT or the dew point of the gas in the cool
gas drying circuit;

said second measuring element arranged to measure the
temperature of the coolant in the evaporator;

said control unit being provided with an algorithm that
determines whether the device is operating at zero load
or full load, based on the signal from the second mea-
suring element for measuring the coolant temperature;

wherein, in the event of zero load, the algorithm is config-
ured to control the control valve only on the basis of a
signal from the second measuring element for measur-
ing the coolant temperature, and in the event of full load,
the algorithm is configured to only control the control
valve based on a signal from the first measuring element
for measuring the lowest gas temperature (LAT) or the
dew point of the gas in the secondary part of the heat
exchanger.

2. The device according to claim 1, wherein the control unit
is configured to determine whether the device is operating at
apartial load condition of the device, based on the signal from
the second measuring element for measuring the coolant tem-
perature, and is configured to control the control valve, either
based on the signal from the first measuring element for
measuring the lowest gas temperature (LAT) or the dew point
of'the gas in the secondary part of the heat exchanger, or based
on the signal from the second measuring element for measur-
ing the coolant temperature.

3. The device according to claim 1, wherein the first mea-
suring element for measuring the lowest gas temperature
(LAT) or the dew point of the gas is located immediately after
the heat-exchanging part with the coolant in the cool gas
drying circuit.

4. The device according to claim 1, wherein the second
measuring element for measuring the coolant temperature in
the evaporator is located at the inlet of the evaporator.

5. The device according to claim 1, wherein the compressor
operates with a constant or essentially constant rotational
speed.

6. The device according to claim 5, including a second
bypass pipe which connects the discharge side of the com-
pressor to the intake side of the compressor and wherein a
third expansion device is provided in the second bypass pipe.
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7. The device according to claim 6, wherein the third
expansion device comprises a hot gas bypass.

8. A method for cool drying gas,

wherein a device for cool drying gas comprises a cooling

circuit and a cool gas drying circuit, wherein a primary
part of a heat exchanger is an evaporator of the cooling
circuit; the cooling circuit comprising a coolant;

the cooling circuit further comprising a compressor, a con-

denser and first expansion device between an outlet of
the condenser and an inlet of the evaporator;

at least one bypass pipe is provided which connects a

discharge side of the compressor to an intake side of the
COMmpressor,

a second expansion device is provided in the at least one

bypass pipe; and

a control valve that is controlled by a control unit as a

function of signals received from one or more measuring
elements is provided in the at least one bypass pipe; the
method comprising the steps:

guiding gas to be cooled through a secondary part of a heat

exchanger to condense water vapour out of the gas;
measuring a temperature of the coolant in the evaporator
using a second measuring element;

determining with the control unit whether the device is

operating at zero load or full load on the basis of the
measured coolant temperature; and

at full load controlling the control valve on the basis of the

lowest gas temperature (LAT) or the dew point measured
by at least a first measuring element that is positioned to
directly measure the LAT or the dew point of the gas in
the cool gas drying circuit, and at zero load controlling
the control valve on the basis of the coolant temperature
measured by the second measuring element located in
the evaporator.

9. Method according to claim 8, including the steps of
comparing the measured coolant temperature to a maximum
threshold value, and when the measured coolant temperature
is situated above this maximum threshold value, considering
the device to be at full load.

10. Method according to claim 9, wherein the maximum
threshold value is a constant value.

11. Method according to claim 10, wherein the maximum
threshold value is equal or almost equal to 2° C.

12. Method according to claim 8, comprising the steps of
comparing the measured coolant temperature to a minimum
threshold value, and when the measured coolant temperature
goes below this minimum threshold value, considering the
device to be at zero load.

13. Method according to claim 12, wherein the minimum
threshold value is a constant value.

14. Method according to claim 13, wherein the above-
mentioned minimum threshold value is equal or almost equal
to -5°C.

15. The method according to claim 8 wherein, at partial
load of the device, the control valve is controlled either based
on the signal from the measuring element that measures the
lowest gas temperature (LAT) or the dew point of the gas in
the secondary part of the heat exchanger, or based on the
signal from the measuring element that measures the coolant
temperature.

16. The method according to claim 8, wherein the com-
pressor is operated at constant speed.

17. Method according to claim 16, including a second
bypass pipe that connects the discharge side of the compres-
sor to the intake side of the compressor, and a third expansion
device in the second bypass pipe.
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18. The device according to claim 1, wherein the control
valve is controlled in a way such that a certain quantity of the
coolant is led through the at least one bypass pipe to vary and
adjust the cooling capacity of the cooling circuit.
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